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(54) Apparatus and method for collecting and processing data from a plurality of sensors 



(57) An application specific integrated circuit or 
ASIC (MSC) is connected to a plurality of bridge type 
sense elements (1-6) for analog multiplexing (10a, 10b, 
10c) the outputs from a selected sense element to a 
common signal conditioning path (1 Of). The bridge type 
sense elements are biased through an electronically 
programmable resistor (10d1) to derive a temperature 
signal. The signal conditioning path provides electroni- 
cally programmable correction for offset and gain pro- 
portional to the sensed condition, e.g., fluid pressure. 



Complete sensor characterization data provided at the 
time of manufacture is stored in non-volatile memory 
(10h) which is downloaded to a host controller (12) on 
command. The ASIC also includes diagnostic test bridg- 
es (BR1 , BR2) for diagnosing ASIC faults and a signal 
diagnostic path (1 0m) for diagnosing sense element and 
sense element connection faults. Characterization data 
downloaded to the host controller enables the controller 
to mathematically correct remaining temperature, con- 
dition (e.g., pressure) and diagnostic signal errors. 
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Description 

Related Applications 

[0001] Benefit is claimed under 35 U.S.C. 119(e)(1) 
of U.S. Provisional Application No. 60/264,473 filed Jan- 
uary 26, 2001. 

Field of the Invention 

[0002] This invention relates generally to systems for 
sensing a condition at a plurality of locations and more 
particularly to systems for conditioning multiple sense 
elements with a common electronic circuit. 

Background of the Invention 

[0003] Many applications call for the sensing of a con- 
dition, such as pressure, acceleration, torque and force, 
at a plurality of locations. By way of example in the au- 
tomotive environment, electro-hydraulic brake or EHB 
systems generally have six locations that require sens- 
ing of the fluid pressure. Pressure sensing is required 
at each wheel for closed loop brake force control, at a 
location to sense driver input and at the pressure accu- 
mulator to sense system reserve pressure. Hydraulic 
sensing points are all routed through the hydraulic con- 
trol unit or HCU having a system controller, i.e., micro- 
processor, so that there exists one member at which all 
different hydraulic circuit pressures are sensed. The 
provision of six discrete pressure sensors with full con- 
ditioning electronics results in suitable operation; how- 
ever, it also results in a total pressure sensor cost which 
is higher than desirable compared to the remaining sys- 
tem component costs. 

Summary of the Invention 

[0004] It is therefore, an object of the present inven- 
tion to provide a reliable yet lower cost condition respon- 
sive sense system than the prior art system referenced 
above. Yet another object is the provision of a relatively 
low cost, accurate and reliable sense system respon- 
sive to pressure, acceleration, torque, force and the like 
and to an improved low cost method for conditioning 
condition responsive sense elements. 
[0005] Briefly stated, in a condition responsive sense 
system made in accordance with the invention, a plural- 
ity of sense elements are connected to an ASIC with the 
output of any selected sense element being connected 
to a common signal conditioning circuit path by analog 
multiplexing. The sense element signal is conditioned 
by the signal conditioning circuit of the ASIC to provide 
partial conditioning comprising basic calibration data. 
Complete characterization data for all the sense ele- 
ments is stored in non-volatile memory of the ASIC and 
is transferred to a host controller, e.g., microprocessor, 
upon command to enable the host controller to perform 



appropriate mathematical operations to provide the ad- 
ditional amount of compensation required to complete 
the signal conditioning. According to a feature of the in- 
vention, a diagnostic circuit path is included in the ASIC 

5 for diagnosing sense element and sense element con- 
nection faults. According to another feature, first and 
second fixed test sense elements are formed in the 
ASIC for diagnosing ASIC faults. 
[0006] According to a preferred embodiment of the in- 
fo vention, the sense elements may be formed of individual 
strain bridges known in the art, such as silicon resistor 
bridges bonded to a diaphragm through glass material 
fired at high temperatures and adapted for placement in 
a fluid pressure port. When pressurized, fluid is present 

is in the pressure port and the diaphragms and bridges will 
undergo elastic strain. Because the resistors in the 
bridge are made of silicon, they exhibit a piezoresistive 
effect exhibiting a change in resistance when subjected 
to strain. By applying a voltage to the bridge, a small 

20 voltage change results at the output of the bridges. In 
the described embodiment, a circuit for six sense ele- 
ments is shown; however, it will be realized that the cir- 
cuit can be modified to accommodate more or fewer 
sense elements as desired. 

25 [0007] According to the preferred embodiment de- 
scribed, a bridge bias is provided through an electroni- 
cally programmable resistor in series with the strain 
bridge. The resistor can be set either to a specific value 
in order to derive a temperature signal from the bridge 

30 or it can be set at zero to bias the bridge with the full 
supply voltage. Selection of the bias resistor value is ac- 
complished via selection of a register value. Generation 
of the temperature signal utilizes the bridge temperature 
coefficient of resistance (TCR) to form a voltage divider 

35 with the low/zero TRC programmable resistor. Deriva- 
tion of the temperature signal by this means is conven- 
tional. 

[0008] In accordance with the invention, the bridge 
conditioning circuit functions with one bridge at a time, 

40 therefore, a means of switching bridge bias and each 
bridge output to the conditioning circuit input is provided. 
This is accomplished via analog multiplexers. The input 
to the conditioning circuit is controlled by three register 
values. All bridges are connected to a terminal of the 

45 ASIC at all times. In addition to the six pressure sensor 
inputs, two reference bridges are also included in the 
circuit and are selected via the analog multiplexer reg- 
isters for the purpose of circuit diagnostic testing. The 
function of the reference bridges will be explained more 

50 below. 

[0009] Electronically programmable Offset and Gain 
correction of the signal proportional to pressure is pro- 
vided through control of respective registers. This min- 
imal amount of calibration is required to maximize the 
55 output range of the pressure signal in order to use the 
largest possible input range of the Analog to Digital Con- 
verter (ADC). By using this approach, the bit resolution 
of the ADC block can be reduced to the minimum ac- 
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ceptable level thereby reducing the size and cost of this 
circuit element. Optional input Low Pass Filters are pro- 
vided to attenuate high frequency noise sources (e.g., 
EMI), and optional low pass filters at the output of the 
electronically programmable gain stages are provided s 
to tailor the system to meet customer frequency re- 
sponse characteristics. 

[0010] Diagnostic functions are implemented through 
two portions of the circuitry. The first is a sense element 
diagnostic circuit which: 10 

Provides an offset corrected and amplified signal 
proportional to the addition of the selected bridge 
output signals. Ideally, the output of the sense ele- 
ment diagnostic circuit is independent of pressure *5 
and temperature and : therefore, changes in this pa- 
rameter can be used to indicate sense element fail- 
ures (e.g., bridge parameter drift or hard failure). 
System comparison of the compensated output, 
with the value stored at the time of manufacture, is 20 
performed to determine if the sense element per- 
formance has degraded. Due to manufacturing tol- 
erances, there will be a pressure and temperature 
dependence, which will reduce the accuracy of the 
sense element diagnostic signal and reduce system 25 
level error detection capability. System use of the 
pressure and temperature signal from the selected 
bridge provide a means of correcting pressure and 
temperature related sense element diagnostic sig- 
nal errors allowing for more accurate analysis and 30 
finer error detection capability. 

[001 1 ] The second portion of the circuitry for providing 
diagnostic function, first and second reference bridges: 

35 

The function of the reference bridges is to input a 
fixed bridge signal proportional to 0 and full-scale 
bridge outputs, respectively. Pressure, temperature 
and sense element diagnostic signals are calibrat- 
ed at the time of manufacture and stored in ASIC 40 
Non-Volatile memory. When the test modes are ac- 
tivated, the system can analyze the pressure, tem- 
perature and sense element diagnostic output sig- 
nals, compare the outputs with the values stored at 
the time of manufacture, and determine if circuit 
performance has degraded or malfunctioned. Use 
of the 0 and full-scale reference bridges fully exer- 
cises the full operating range of all circuit paths pro- 
viding extensive diagnostic capability. 
A digital port function is provided to transmit data to so 
and receive data from the host or system controller. 
The system controller inputs a command to the con- 
ditioning electronics, which in turn, performs the 
function requested by the controller. For example, 
the controller may request pressure information ss 
from sense element 2. The Digital Port receives the 
command and a Logic Control block verifies (e.g., 
parity check) and decodes the command. The Logic 



Control block then sets the correct multiplexer 
switch positions, loads the corresponding register 
values, waits for the analog signal path to stabilize, 
triggers an analog to digital conversion, loads the 
output of the analog to digital converter into the dig- 
ital port, and instructs the Digital Port to transmit the 
requested information. Combined instructions are 
implemented to provide more than one piece of in- 
formation transmitted at a single time (e.g., pres- 
sure, temperature and sense element diagnostics 
acquired and transferred in a single transmission), 
or the system can be instructed to continually trans- 
mit a sequence of data (e.g., P1 , SDC1 , P2, SDC2, 
P3, SDC3, P4, SDC4, P5, SDC5, P6, SDC6, T1 , 
repeat ...). The format of digital data transmission 
can be customized to meet the customer require- 
ments. 

[001 2] To minimize the complexity and cost of the sys- 
tem, only the minimum amount of electronic calibration 
of the pressure, temperature and diagnostic signals are 
provided. The rest of the signal correction will be accom- 
plished with the existing system controller (e.g., micro- 
processor) through the use of additional coefficients 
stored in the ASIC. At calibration, the circuit is electron- 
ically calibrated via control of the binary register values 
and all digital settings are stored in Non-Volatile memory 
in the ASIC (e.g., EEPROM). The sense elements and 
circuit outputs (pressure, temperature and sense ele- 
ment diagnostics) are then characterized as an assem- 
bly over pressure and temperature to determine the op- 
eration over the full operating parameter range. From 
this test data, coefficients suitable to mathematically 
correct the remaining temperature, pressure and diag- 
nostic signal errors are determined and stored in the 
ASIC Non-Volatile memory. The conditioning electron- 
ics has the ability to communicate the compensation co- 
efficients to the system controller so that it can utilize its 
existing capabilities to perform high accuracy, mathe- 
matical correction of the pressure, temperature and di- 
agnostic signals. 

Brief Description of the Drawings 

[0013] The objects, advantages and novel features of 
the invention will be more fully apparent from the follow- 
ing description when read in connection with the accom- 
panying drawings wherein: 

Fig. 1 is a schematic diagram showing a plurality of 
condition responsive sense elements, a multisense 
element conditioning circuit in the form of an ASIC 
and a system controller in the form of a microproc- 
essor; 

Fig. 2 is a schematic block circuit diagram of the 
multisense element conditioning ASIC shown in 
Fig. 1 along with one sense element shown as illus- 
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trative; 

Figs. 3a, 3b show an initialization sequence for 
transfer of characterization data from the ASIC to 
the system controller; 

Figs. 4a, 4b show a data sequence for one sense 
element (SE1) as an example; and 

Figs. 5a, 5b show a diagnostic data acquisition se- 
quence for one reference bridge (RB1 ) as an exam- 
ple. 

Detailed Description of the Preferred Embodiment 

[0014] With particular reference to Fig. 2, numeral 1 
indicates a condition responsive sense element in the 
form of a bridge described above. Although described 
as being responsive to pressure, it could also be used 
to sense other conditions such as acceleration, torque 
and force suitable for such bridge structures. 
[0015] ASIC (application specific integrated circuit) 
MSC is formed with first, second and third 8 to1 analog 
multiplexers 10a, 10b, 10c respectively at its front end. 
Multiplexer 10a has eight address positions IPO-IP7; 
multiplexer 10b has eight address positions IMO-IM7 
and multiplexer 10c has address positions GD0-GD7. 
Each sense element bridge has a bridge node BRG, 
ground node GND, a plus output node INP and a minus 
output node INM. Sense element 1 has its plus output 
node connected to IP1 of multiplexer 10a, its minus out- 
put node connected to IM1 and its ground node GND 
connected to GD1 of multiplexer 10c. The other sense 
elements are similarly connected to ASIC 1 0 as shown 
in Fig. 1 . The bridge voltage node of each sense element 
is connected to a voltage source V pwr through an elec- 
tronically programmable low temperature coefficient bi- 
as resistor 10d1 through node BRG. Electronically pro- 
grammable bias resistor 10d1 is controlled by register 
R REG, a digitally controlled variable to adjust the bias 
resistor connected to a selected sense element bridge 
that has a relatively high temperature coefficient in order 
to derive a temperature signal. It should be understood 
that in some applications the bridges could be biased 
with a zero valued resistor; however, in the present ap- 
plication a signal proportional to temperature signal is 
used for circuit compensation of temperature errors. 
The specific resistance level to correctly bias each 
bridge is selected at the time of calibration along with 
offset and gain to be discussed. The bridge voltage V brg 
is also fed through amplifiers 10d2 to analog to digital 
converter 1 0g to be discussed. 
[0016] Multiplexers 10a, 10b and 10c are controlled 
by respective registers MIP REG, MIM REG and MGD 
REG. A sense element is conditioned by setting each 
multiplexer to the same address position tying the se- 
lected sense element bridge ground node to signal 
ground to complete the bias of the sense element 



bridge. The plus and minus outputs are multiplexed into 
a common signal conditioning circuit path 10f. A com- 
mand is issued by logic control section 1 0e which syn- 
chronizes the control of the various ASIC components. 
5 The command calls out of non-volatile memory section 
1 0h and routes all the register values corresponding to 
the selected sense element bridge to all locations. 
[0017] The signal conditioning circuit path 1 0f is used 
to condition the sensed parameter, in the particular pre- 
10 ferred embodiment, pressure. The sense element 
bridge plus and minus outputs are first fed into a differ- 
ential gain amplifier 10F1 with the amplifier output con- 
nected to an offset correction stage comprising a sum- 
ming network 10f2 controlled by register B REG to pro- 
fs vide an offset correction proportional to voltage V brg 
which is added to the signal to correct for initial sense 
element offset error. The offset corrected signal propor- 
tional to pressure is then fed to a gain stage comprising 
a variable gain amplifier 10f3 controlled by register G 
20 REG with the resulting conditioned signal then connect- 
ed to analog to digital converter 10g. Low pass filtering 
LPF is optionally provided as shown at the input to dif- 
ferential amplifier 1 0f 1 to attenuate inputted noise and 
at the output of variable gain amplifier 1 0f3 to customize 
25 the pressure response to the system requirements. 
[0018] Analog to digital converter 1 0g then converts 
all the inf ormation related to the selected sense element 
into a digital word and transmits the information through 
digital port 1 0k to system controller 1 2 shown in Fig. 1 . 
30 This information has offset and gain correction but no 
thermal correction in order to simplify the ASIC and re- 
duce cost. As will be discussed infra, data needed for 
providing thermal compensation is stored in non-volatile 
memory section 10h which is down loaded to system 
35 controller 12 upon command enabling controller 12 to 
make mathematical corrections for the signal. 
[0019] When logic control 10e selects a sense ele- 
ment for the acquisition of a pressure responsive signal , 
the sense element plus and minus outputs are also mul- 
40 tiplexed into sense element diagnostic circuit path 1 0m 
being summed into a summing node 10m1 with the 
summed signal connected to an offset correction stage 
comprising a summing network 1 0m2 proportional to the 
bridge drive V brg and controlled by register CB REG. 
45 The offset corrected signal is then fed to a variable gain 
stage 1 0m3 controlled by register CG REG. A low pass 
filter LPF preferably is used to tune the response of the 
circuit and the signal is inputted to analog to digital con- 
verter 10k. This provides the average of the sense ele- 
50 ment plus and minus outputs providing information 
which is independent of the input parameters of temper- 
ature and pressure to enable the system controller (12) 
to analyze this information and determine whether there 
are any sense elements or sense element connection 
55 faults, wherein the diagnostic signal varies beyond a 
certain boundary. 

[0020] A second diagnostic tool is provided by fixed 
test bridges RB1 and RB2 which are formed in the ASIC 
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itself and are adapted to simulate one condition, e.g., 
zero pressure, and a second condition, e.g., full scale 
pressure, respectively. At the time of manufacture, the 
register values of register R REG are selected for bridg- 
es RB1 , RB2 so that when address 0 for test bridge RB1 5 
is chosen or address 7 for test bridge RB2, the respec- 
tive bridges are multiplexed through the sense element 
conditioning circuit path 1 0f temperature circuit path and 
the sense element diagnostic circuit path with the ap- 
propriate register values. Characterization data, also 
stored at the time of manufacture, enable the system 
controller (12) to analyze this information and determine 
whether there are any faults in the ASIC. The test bridg- 
es provide a fixed input that does not vary over time, 
temperature or other parameter and which allows the 
analysis to determine whether the temperature pressure 
and sense element diagnostic circuits are functioning 
properly at both extremities of the condition, e.g., pres- 
sure range. 

[0021] At the time of manufacture of the ASIC, as well 
as the sense elements, automated calibration equip- 
ment is used in a conventional manner by issuing ASIC 
via digital port 10k for automatically setting the various 
registers within the circuit to tune them to the individual 
sense elements and these calibration coefficients are 
stored in non-volatile memory section 10h In the ASIC. 
Thus each sense element has a set of register values 
stored to enable custom offset, gain, bridge drive and 
common mode signals so that any variation in such in- 
formation will be applied to each selected sense ele- 
ment. Once all the information is stored in non-volatile 
memory the sense elements and ASIC are character- 
ized over pressure and temperature, that is, the ASIC 
and sense elements are placed in a thermal chamber 
and pressure is applied to the different sense elements 
with the output signals entered for each temperature 
and pressure test points. Three temperature conditions 
are taken for the sense elements due to non-linear ther- 
mal errors while two pressure points suffice because the 
pressure response is linear. This characterization data 
of the temperature and pressure matrix is stored in non- 
volatile memory section 10h. This information enables 
the system controller to respond to the specific perform- 
ance of each sense element and perform appropriate 
mathematical compensation by means, for example, of 
a look-up table or polynomial coefficient correction to 
provide high accuracy compensation. Thus, the regis- 
ters are originally set at two pressures and one temper- 
ature to calibrate the sense elements and this calibration 
then enables characterization at additional temperature 
and pressure points. Characterization, as used herein, 
refers to obtaining outputs for these additional temper- 
ature and pressure points and storing this data in table 
form or indirectly as polynomial coefficients without 
changing or adjusting the original calibration data. This 55 
provides a complete matrix of data required to mathe- 
matically fully correct the output signals in the system 
controller. 



[0022] Digital port 1 0k is used to transfer digital infor- 
mation to or from system controller 12. The digital port 
receives commands from the system controller 1 2 which 
are suitably verified by logic control 1 0e, as by conven- 
tional parity checks, decoded by the logic control section 
and performs the necessary function, e.g., select the ad- 
dresses of the multiplexes, recall the appropriate regis- 
ter settings from non-volatile memory section 1 0h, initi- 
ate analog to digital conversion and then transmission 
of that data out of digital port 1 0k to system controller 
12. The command can be issued individually to obtain 
and transmit a single piece of information, e.g., a pres- 
sure condition at a specified sense element, a diagnos- 
tic signal or other selected information or it could con- 
tinually issue commands through a selected sequence 
obtaining data from each of the sense elements and di- 
agnostics, as desired. 

[0023] The circuit on the ASIC is preferably formed so 
that data is obtained within a period of time which is short 
enough that whether the signal is already fully condi- 
tioned, i.e., temperature and pressure compensated 
and multiplexed by the system controller when a piece 
of information is called for in accordance with the prior 
art or partially conditioned with the compensation com- 
pleted within the system controller in accordance with 
the invention is equivalent, for example, within a fraction 
of a millisecond. 

[0024] In accordance with the invention, analog con- 
ditioning is effected in the sensor system, i.e., the ASIC 
providing a signal which is digitized and then compen- 
sation of the signal is completed in a host controller with 
information provided to volatile memory of the host con- 
troller from non-volatile memory of the ASIC. According 
to the invention, a plurality of sensors are multiplexed to 
a common electrically calibratible temperature, pres- 
sure and diagnostic signal conditioning path performing 
partial compensation of sense element errors which is 
transmitted to a host controller along with data coeffi- 
cients enabling the host controller to digitally compen- 
sate for each of the sense elements. The test bridges 
and sense element diagnostic circuit path provide a con- 
tinuing ability to ensure reliable operation. 
[0025] The initialization sequence for transferal of 
characterization data from the ASIC MSC to the system 
controller is shown in Figs. 3a, 3b and includes applica- 
tion of power at 1 00, sending a command to transfer a 
specific piece of factory stored characterization data at 
step 1 02, transmission verification at step 1 04 and a de- 
cision step 1 06 to see if an error is detected. A negative 
decision leads to step 108 of decoding the command 
and controlling other circuit blocks to execute the com- 
mand and then to step 1 1 0 for a parity check and to de- 
cision step 112 to see if an error is detected. A negative 
response leads to step 114 of loading the requested in- 
formation into the digital port and then to step 1 1 6 adding 
transmission verification data and step 118 of transmit- 
ting the data. A positive response for decision blocks 
104 and 112 lead to step 120 in which the error bit is 
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loaded into the digital port. 
[0026] Following transmission of the data (step 118) 
the routine goes to step 122 in which the system con- 
troller digital port receives and verifies the transmission 
and then to decision step 1 24 to see if an error is de- 
tected. If no error is detected, the routine proceeds to 
process step 126 in which the data is stored in system 
controller memory and then to step 130 which goes to 
step 102 repeating the whole routine until all the char- 
acterization data is transferred from the ASIC MSC to 
the system controller. A positive decision of decision 
block 124 is also routed back to step 102. 
[0027] The data acquisition for an exemplary sense 
element (SE1 ) is shown in Figs. 4a, 4b. At step 150 the 
system controller sends a command to transmit sense 
element data for element SE1 and at step 152 the digital 
port receives and verifies the transmission. Decision 
step 154 determines if an error is detected and upon a 
negative decision, the routine proceeds to step 156 in 
which the logic block decodes the command and con- 
trols other circuit blocks to execute the command and 
process step 1 58 performing a parity check and another 
error detect decision block 160. A negative response 
leads to step 1 62 transferring circuit calibration data as- 
sociated with the sense element from non-volatile mem- 
ory to the various registers and then to step 1 64 setting 
the address of the analog multiplexers. A time delay is 
provided to step 166 to allow the circuit to stabilize and 
then at step 168, analog to digital conversion of pres- 
sure, temperature and sense element SE1 diagnostic 
signal is effected. The ADC values are loaded into the 
digital port in step 1 70 and at step 172 the logic block 
adds transmission bits to data in the digital port. Going 
back to decision step 154 and 160, positive decisions 
lead to step 1 74 in which the detected error bit is loaded 
into the digital port. Process steps 1 72 and 1 74 lead to 
step 1 76 in which the digital port transfers the data and 
on to step 1 78 in which the system controller digital port 
receives and verifies the transmission. Then decision 
step 1 80 checks whether an error is detected, a positive 
response directing the routine back to the beginning 
step 150 and a negative response leading to step 182 
storing the SE1 pressure, temperature and diagnostic 
data in the system controller memory. At step 184 the 
system controller uses the stored characterization data 
to mathematically correct the pressure, temperature 
and diagnostic data of sense element SE1 and then at 
step 1 86 the system controller compares the corrected 
diagnostic data of sense element SE1 to fault thresh- 
olds. Decision block 190 checks to see if a fault is de- 
tected, a negative response leads to step 192 in which 
the system controller uses the corrected sense element 
SE1 pressure and temperature data in a control algo- 
rithm and a positive response results in the data not be- 
ing used in the algorithm and the system controller re- 
porting the error. 

[0028] Figs. 5a, 5b show the diagnostic data acquisi- 
tion sequence for one of the tests or reference bridges, 



10 

RB1 . The sequence begins at step 200 when the system 
controller sends a command to the ASIC MSC to trans- 
mit bridge RB1 data and then proceeds to step 202 in 
which the digital port of the ASIC receives and verifies 
5 the transmission followed by error detection step 204. 
A negative response leads to step 206 in which the logic 
block decodes the command and controls other circuit 
blocks to execute the command and then to step 208 
performing a parity check to verify the contents. A neg- 
10 ative rasp ise of error detection step 21 0 leads to step 
212 in w. ::jh circuit calibration data associated with 
bridge RBI is transferred from non-volatile memory to 
the appropriate registers and then to step 214 to set the 
analog multiplexers address. Step 216 provides a time 
15 delay to allow the circuit to stabilize and then the pres- 
sure, temperature and sense element diagnostic signal 
is converted from analog to digital format at step 218. 
The conversion values are loaded into the digital port at 
step 220 and at step 222 the logic block adds transmis- 

20 sion verification to the data in the digital port. Going back 
to error detection steps 204 and 210, a detected error 
leads to step 224 in which the error bit is loaded into the 
digital port and then to step 222 where verification bits 
are added. Step 222 then proceeds to step 226 in which 

25 the digital port transmits the data and then to step 228 
in which the digital port of the system controller receives 
and verifies the transmission. A detected error results 
in the routine cycling back to the beginning step 200 and 
if there is no detected error the routine goes on to step 

30 232 in which the pressure, temperature and diagnostic 
data of bridge RB1 is stored in the system controller 
memory. Then the system controller calculates at step 
234 the differences between bridge RB1 measured data 
and the corresponding bridge RB1 characterization da- 

35 ta. At process step 236 the system controller compares 
the differences to allowed error limits and checks to see 
if an error is detected at step 238. A negative decision 
leads to step 240 in which the system controller deter- 
mines that the ASIC has passed the diagnostic checK 

40 while a positive decision leads to step 242 in which the 
system controller determines an error has occurred and 
reports the error. 

[0029] While a preferred embodiment of the present 
invention has been disclosed in detail, it should be un- 

4 5 derstood that various modifications, such as using 
sense elements responsive to acceleration, torque, 
force and the like mentioned supra, may be adopted 
without departing from the spirit of the invention or scope 
of the appended claims. While a preferred embodiment 

50 of the present invention has been disclosed in detail, it 
should be understood that various modifications, such 
as using sense elements responsive to acceleration, 
torque, force and the like mentioned supra, may be 
adopted without departing from the spirit of the invention 

55 or scope of the appended claims. Further, it will be un- 
derstood that : if desired, the bridge bias can be multi- 
plexed rather than or in addition to multiplexing the 
ground connection. 
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Claims 

1 . A condition responsive sense element system com- 
prising: 

5 

a plurality of condition responsive sense ele- 
ments having outputs, 

an electronic circuit having at least one multi- 
plexer with addressable inputs connected to 
the sense elements outputs, the at least one 10 
multiplexer having an output connected to a 
signal conditioning circuit path, the signal con- 
ditioning circuit path having signal conditioning 
components, nonvolatile memory for storing 
calibration and characterisation data for each *5 
of the sense elements and the electronic circuit 
and a data port for transmitting data from the 
nonvolatile memory to the multiplexers and to 
the signal conditioning components for each 
sense element addressed for conditioning the 20 
signals for each sense element and to an ex- 
ternal controller to enable the external control- 
ler to perform mathematical corrections of the 
conditioned signal. 

25 

2. A condition responsive sense element system ac- 
cording to claim 1 in which the sense elements each 
comprises a bridge network, each bridge network 
having a bridge voltage node, a ground node, a plus 
output node and a minus output node and further 30 
comprising an electronically programmable resistor 
connected in series between a voltage source and 
each respective bridge voltage node for providing a 
selected bias to each respective sense node. 

35 

3. A condition responsive sense element system ac- 
cording to claim 1 or 2 further comprising first and 
second non-condition responsive sense element 
test bridge networks formed in the electronic circuit, 

the test bridge networks each having a bridge volt- 40 
age node, a ground node, a plus output node and 
a minus output node, the test bridge networks ena- 
bling the diagnoses of sense element bias faults. 

4. A condition responsive sense element system ac- 45 
cording to claim 1 or 2 further comprising first and 
second non-condition responsive test bridge net- 
works formed in the electronic circuit, the test bridge 
networks each having a bridge voltage node, a 
ground node, a plus output node and a minus output so 
node, the output nodes connected through a multi- 
plexer to the signal conditioning circuit path, the 
plus and minus outputs of the first test bridge pro- 
viding signals of a first value, the plus and minus 
outputs of the second test bridge providing signals 55 
of a second value, the test bridge network providing 
data for diagnosing electronic circuit faults. 



5. A condition responsive sense element system ac- 
cording to any one of the preceding claims in which 
the electronic circuit is an ASIC. 

6. A condition responsive sense element system ac- 
cording to any one of the preceding claims further 
comprising a sense element diagnostic circuit path 
including a summing circuit and conditioning com- 
ponents, plus and minus outputs of an addressed 
sense element being connected to the summing cir- 
cuit and being summed with the summed value fed 
to the conditioning components of the sense ele- 
ment diagnostic circuit path to provide a diagnostic 
signal, the stored calibration and characterisation 
data for each of the sense elements and diagnostic 
circuit path transmitted to the external controller for 
enabling the external controller to perform mathe- 
matical corrections of the diagnostic signal. 

7. A condition responsive sense element system ac- 
cording to claim 6 further comprising first and sec- 
ond non-condition responsive sense element test 
bridge networks formed in the electronic circuit, the 
test bridge networks each having a bridge voltage 
node, a ground node, a plus output node and a mi- 
nus output node, the output nodes connected to the 
diagnostic circuit path through a multiplexer, the 
plus and minus outputs of the first test bridge net- 
work providing signals of a first value, the plus and 
minus outputs of the second test bridge network 
providing signals of a second value, the test bridge 
networks providing data for diagnosing diagnostic 
circuit path faults. 

8. A condition responsive sense element system ac- 
cording to any one of the preceding claims in which 
the condition being sensed is one of pressure, ac- 
celeration, force and torque. 

9. A condition responsive sense element system ac- 
cording to any one of the preceding claims in which 
the condition being sensed is pressure. 

1 0. A condition responsive sense element system com- 
prising: 

a plurality of condition responsive sense ele- 
ments providing a voltage output dependent on 
the condition, the sense elements each having 
a bridge network with a bridge voltage node, a 
ground node, a plus output node and a minus 
output node, 
a voltage source, 

each bridge voltage node connected to the volt- 
age source, 

an electronic circuit having first, second and 
third multiplexers, each having an output and a 
plurality of address input positions, the plus 
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node of each sense element connected to a re- 
spective multiplexer address position of thefirst 
multiplexer, the minus node of each sense ele- 
ment connected to a respective multiplexer ad- 
dress position of the second multiplexer and the 
ground node of each sense element connected 
to a respective address position of the third 
multiplexer, a respective register connected to 
each multiplexer, 

a signal ground, the output of the third multi- 
plexer connected to a signal ground, 
a signal conditioning circuit path, the signal 
conditioning circuit path comprising a differen- 
tial amplifier having a plus and a minus input 
and an output, the output of the first multiplexer 
connected to the plus input of the differential 
amplifier, the output of the second multiplexer 
connected to the minus input of the differential 
amplifier, an offset correction network having a 
summing circuit with an output and inputs, the 
input connected to the output of the differential 
amplifier and an offset circuit controlled by a 
register to provide a correction proportional to 
bridge voltage, and a gain correction network 
having a variable gain amplifier having an input 
connected to the output of the offset correction 
network and controlled by a gain correction reg- 
ister. 

a digital port, 



A condition responsive sense element system ac- 



cording to claim 1 0 or 1 1 further comprising first and 
second non-condition responsive test bridge net- 
works formed in the electronic circuit, each test 
bridge network having a bridge voltage node, a 
ground node, a plus output node and a minus output 
node, the test bridge networks enabling the diag- 
noses of sense element bias faults. 

13. A condition responsive sense element system ac- 
cording to claim 1 0 or 1 1 further comprising first and 
second non-condition responsive test bridge net- 
works formed in the electronic circuit, each test 
bridge network having a bridge voltage node, a 
ground node, a plus output node and a minus output 
node, the output nodes and the ground nodes con- 
nected respectively to the signal conditioning circuit 
path and a signal ground through a multiplexer, the 
plus and the minus output nodes of the first test 
bridge network providing signals of a first value, the 
plus and minus output nodes of the second test 
bridge network providing signals of a second value, 
the test bridge networks providing data for diagnos- 
ing electronic circuit faults. 

14. A condition responsive sense element system ac- 
cording to any one of claims 10 to 13 in which the 
electronic circuit is an ASIC. 

15. A condition responsive sense element system ac- 
cording to any one of claims 10 to 14 further com- 
prising a sense element diagnostic circuit path in- 
cluding a summing circuit and conditioning compo- 
nents, plus and minus outputs of an addressed 
sense element being connected to the summing cir- 
cuit and being summed with the summed value fed 
to the conditioning components of the sense ele- 
ment diagnostic circuit path to provide a diagnostic 
signal, the stored calibration and characterisation 
data for each of the sense elements and diagnostic 
circuit path transmitted to the external controller for 
enabling the external controller to perform mathe- 
matical corrections of the diagnostic signal. 

16. A condition responsive sense element system ac- 
cording to claim 1 5 comprising first and second non- 
condition responsive sense element test bridge net- 
works formed in the electronic circuit, the test bridge 
networks each having a bridge voltage node, a 
ground node, a plus output node and a minus output 
node, the output nodes connected respectively to 
the diagnostic circuit path and a signal ground 
through a multiplexer, the plus and minus outputs 
of the first test bridge network providing signals of 
a first value, the plus and minus outputs of the sec- 
ond test bridge network providing signals of a sec- 
ond value, the test bridge networks providing data 
for diagnosing diagnostic circuit path faults. 



an analog to digital converter having an input 30 
and an output, the output of the gain correction 
network inputted to the analog to digital con- 
verter to provide a digital signal corresponding 
to the sensed condition to the digital port, 
a logic control and a nonvolatile memory sec- 35 
tion the nonvolatile memory section being con- 
nected to the several registers underthe control 
of the logic control, the digital port forming an 
interface for transmitting data to and receiving 
data from an external controller, the nonvolatile 40 
memory providing data to the external control- 
ler enabling the external controller to perform 
mathematical error correction for the condition 
sensor signals and the logic control providing 
commands for obtaining sense element data *s 
from a selected sense element. 

A condition responsive sense element system ac- 
cording to claim 10 further comprising an electron- 
ically programmable resistor connected in series so 
between the voltage source and each respective 
bridge voltage node for providing a selected bias to 
each respective sense element when selected and 
a register for receiving data from nonvolatile mem- 
ory connected to the electronically programmable 55 
resistor to control the value of the resistor. 
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17. A condition responsive sense element system ac- 
cording to any one of claims 10 to 16 in which the 
condition is one of pressure, acceleration, torque 
and force. 

18. A condition responsive sense element system ac- 
cording to any one of claims 1 0 to 1 7 in which the 
condition is pressure. 

19. A method of condition sensing in a condition re- 
sponsive sensing system having a plurality of con- 
dition sense bridge elements, the method compris- 
ing the steps of: 

providing a bias for each sense element, 
providing an electronic circuit having multiplex- 
ers, a signal conditioning circuit path having 
signal conditioning components, an analog to 
digital converter, logic control, nonvolatile 
memory and a digital port for transmitting and 
receiving data, 

obtaining electronic calibration data for each 
sense element during manufacture of the sys- 
tem and storing that information in nonvolatile 
memory, 

connecting the electronic controller to an exter- 
nal controller, 

transmitting data from nonvolatile memory to 
enable the external controller to perform math- 
ematical corrections to a conditioned digital sig- 
nal, 

selecting an address of the multiplexers for 
connecting outputs of a selected bridge sense 
element to the signal conditioning circuit path 
and to transmit basic offset and gain calibration 
data to the signal conditioning components in 
the signal conditioning path, 
partially conditioning the addressed sense ele- 
ment using the basic offset and gain calibration 
data transmitted from nonvolatile memory, to 
provide a partially conditioned signal, 
converting the partially conditioned signal from 
an analog format to a digital format in the ana- 
log to digital converter to provide a digital sig- 
nal, 

transmitting the digital signal to the external 
controller and 

completing the conditioning of the partially con- 
ditioned signal by performing mathematical 
corrections to the digital signal in the external 
controller using the data transferred from the 
nonvolatile memory. 

20. A method according to claim 1 9 further comprising 
the steps of: 

forming a first non-condition responsive test 
bridge in the electronic circuit, the first bridge 



providing a first reference value, and 
forming a second non-condition responsive test 
bridge in the electronic circuit, the second 
bridge providing a second reference value, the 
5 data from the first and second test bridges pro- 

viding reference data for diagnostic use of elec- 
tronic circuit faults. 

21 . A method according to claim 1 9 or 20 further com- 
10 prising the steps of: 

forming a sense element diagnostic circuit path 
in the electronic circuit including a summing cir- 
cuit for summing the plus and minus outputs of 
'5 the selected sense element and offset and gain 

components corresponding to the offset and 
gain correction networks of the signal condi- 
tioning circuit path to provide reference data for 
diagnostic use of sense element and sense el- 
ement connection faults. 

A method according to any one of claims 19 to 21 
in which the electronic circuit faults includes faults 
in the sense element bias. 

A method according to any one of claims 19 to 22 
further comprising the step of forming the electronic 
circuit as an ASIC. 
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common signal conditioning path (1 Of). The bridge type 
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programmable resistor (10d1) to derive a temperature 
signal. The signal conditioning path provides electroni- 
cally programmable correction for offset and gain pro- 
portional to the sensed condition, e.g., fluid pressure. 



Complete sensor characterization data provided at the 
time of manufacture is stored in non-volatile memory 
(1 Oh) which is downloaded to a host controller (12) on 
command. The ASIC also includes diagnostic test bridg- 
es (BR1 , BR2) for diagnosing ASIC faults and a signal 
diagnostic path (1 0m) for diagnosing sense element and 
sense element connection faults. Characterization data 
downloaded to the host controller enables the controller 
to mathematically correct remaining temperature, con- 
dition (e.g., pressure) and diagnostic signal errors. 
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